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Abstract 
The paper presents preliminary results of legal and illegal settlement extraction in Pulau Gaya, Sabah using high 
resolution Quickbird and SPOT-5 multi-spectral imageries using automated house detection technique. The technique 
developed is spatial-based using tree counting approach. From the results, edge to edge of the house features was 
found precisely separated and can be delineated between houses that less than 2m distance. Results show that the 
technique able to delineate legal houses from Quickbird image more than SPOT-5. Differs results would be due to 
different spatial and spectral resolution of images. 
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1. Introduction 
Unstructured (informal) human settlements are usually defined as dense settlements comprising 
communities housed in self- constructed shelters under conditions of informal or traditional land tenure 
(Acqua, Stasolla and Gamba, 2006). They are common features of developing countries and are typically 
the product of an urgent need for shelter by poor people, especially in an urban context. These areas are 
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characterized by rapid, unstructured and unplanned development.  Continuous migration flows have 
largely contributed to an increase of the unstructured built-up areas (Stasolla and Gamba, 2007). One of 
the main effects of such a situation is the transformation of settlement structures, and no viable way is 
now available for an extensive, efficient monitoring of these areas. With the advancement of spatial 
technology can offer an effective way to monitor informal settlement environments, had low cost both in 
data acquisition and processing, as automated as possible to achieve faster and more reliable results, 
simple to use and largely based on tested routines and algorithms areas (Stasolla and Gamba, 2007). 
Satellite remote sensing offers a cheap and effective solution to map settlements and monitoring 
urbanization at range of spatial scales (Tatem, 2004). The studies on human settlement are always being 
the critical issue over the world because the impact on the environment (ESCAP, 2007). Effective 
management of human settlements was recognized as an important prerequisite for environmentally 
sound and sustainable development (Heinzle et al., 2002). Strategically, it is important to study the pattern 
of human settlement, so that the impact of settlement to environment can be evaluated (Abbott, 2001).  
The challenge of informal settlement detection using satellite remote sensing on how robust algorithm 
developed for detecting human settlement areas and the methodology must be flexible enough to 
associate with very different settlement environment that could be able to discriminate among them. 
Mapping human settlement using this technology is often base on high or medium spatial resolution. 
Reviewed in Tatem (2004), the use Advanced Very High Resolution Radiometer (AVHRR) for urban 
land use mapping, Moderate Resolution Imaging Spectrometer (MODIS) and night-time imagery and 
night-time imagery to medium scale regional settlement mapping and classification using Landsat 
Thematic Mapper (TM), Systeme Pour L’Observation de la Terre (SPOT) High Resolution Visible 
(HRV) and Earth Resources Satellite (ERS). Well documented approaches for settlement delineation, 
classification and validation at all scales reviewed in (Tatem and Hay, 2004). 
The use of nighttime lighting, such as The U.S Air Force Defense Meteorological satellite program 
(DMSP) operate since 1970s the operational Linescan System (OLS) closely related to population density 
and economic growth. Image obtained from this sensor was first presented as potential urban mapping 
tool (Amaral et al., 2001; Lu et al., 2008), map didtribution of human settlement and inventory the spatial 
distribution of human activities such as energy consumption (Welch and Zupko, 1980). These works 
showed promising results but also exposed the problem in the use of single data acquisition, pixel 
saturation and blooming, cloud cover and presence of ephemeral light sources as lightning and fires. 
Recent studied by Lu et al., (2008) indicated that combination of DMSP-OLS data and NDVI variables 
has provided a better estimation performance than a single DMSP-OLS or NDVI variable. This research 
has been carried out as the other alternative for settlement mapping based on the DMSP-OLS data. The 
findings shows, this method greatly improved the spatial patterns of settlement distribution and accuracy 
of settlement area compare than by using traditional tresholding technique. It is valuable for timely 
updating settlement databases at regional and global scales. According to Li and Ruther (1999), I.S-
Modeler technique was the fast and low cost imaging sources and information extraction. This technique 
was more effective compare than conventional mapping techniques, mostly based on photogrammetric 
when planning informal settlement. Result from the research, recommended that bright condition is the 
best time to acquired image data. Besides, NDVI can be used for informal settlement change detection 
over the time.  
Yaw and Edmund (2006) has conducted the research at Coastal Environment in the Niger Delta 
because of void in the literature by exploring the applications of GIS and remote sensing in coastal zone 
environment. They used IKONOS 4 band and panchromatic image. The finding shows some significant 
changes in the coastal environment at the study area for detecting refugee camps. The identification of 
unplanned camp using satellite Enhanced Thematic Mapper (ETM +) and ASTER (Stefan and Daniele, 
2005). They found that the classical classification techniques (supervised, unsupervised pixel based 
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segmentation) are not feasible for determining camp extension though it usually distinguishable. 
Chandrika et al (2003) has proposed hierarchical approach to process large amounts of data in reasonable 
time. Image satellite data used were IKONOS 4-band and panchromatic images. As the result, both types 
of imagery are exploited to reduce false positive without excessive increase in the computational cost. 
Karantzalos and Argialas (2001) developed the approach towards the automatic olive three extractions 
from satellite imagery. Enhancement and smoothing was performed by using non linear diffusion. By 
using this technique, the number of 40 to 50 iterations gave fast and desired result for a successful local 
spatial maxima extraction. Stasolla and Gamba (2007) used SPOT 5 images to detect informal settlements 
(refugee’s camps) in Dafur, Sudan. They developed semi-automatic procedure on unsupervised technique 
that allows detecting the boundaries of settlements, both formal and informal. By using this technique, 
they able to separate two classes based on differing building densities. Simple classification procedures 
are highly desirable but yet too complex to design, due to wide variety of settlement characteristic, both 
spatially and spectrally. Mix-pixel problem also had induced error on the map settlement production. 
Therefore, this study aims to introduce new automated house detection technique for illegal human 
settlement at island which is rich with natural resources and marine resources. Pulau Gaya is one of the 
islands in Sabah situated in Borneo Island. The area has been gazetted as a National Marine Park, rich 
with natural resources such as coral reefs, fishes, mangroves, coastal vegetation, and beautiful beaches 
with clear blue waters (Maipol, 2001). Finding of this study is to provide the useful techniques on how to 
monitor illegal settlements from multi-sensors at Pulau Gaya. The existing of informal settlement at this 
area is one of the factors that lead to environmental issue such as vegetation loss, environmental 
pollution, water shortage, increasing demands of natural resources, problem with drainage system and 
also waste disposal problem (Maipol, 2001). Moreover, it is difficult to local authority to monitor the 
pattern of settlement by conventional method. This is because settlements are highly condensed and 
difficult to access for survey (Karishma et al., 2008). Thus, it is important to conduct the study on how to 
monitor the existence of informal settlement continuously and less time consuming. 
2. Methodology  
2.1. Study area 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Pulau Gaya, Sabah (drawn not to scale) 
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Pulau Gaya with its length of 16 miles shoreline is the largest island in Tunku Abdul Rahman Park. 
Providing shelter to quaint floating population of both Malay and Filipino refugees, Pulau Gaya 
interestingly obtained its name from the Bajau word “Gayo” which means big. The island is covered by 
pristine coastal Dipterocarp forest – the only one undisturbed so far in Sabah. Such excellent standing is 
largely due to Pulau Gaya has been declared a forest reserve before its establishment into the Park 
(Taupek and Ainy, 2001). Fig. 1 shows the study area for this study, Pulau Gaya, Sabah. One of the 
villages at Pulau Gaya is Kg. Pondo is one of five squatter settlements on the fringes of densely jungle 
Pulau Gaya Island in the cross-hairs of police and immigration inspectors whereas immigrant and poor 
local resident lives here.    
2.2. Data acquisition 
SPOT-5 dated 28 April 2009 and Quickbird acquired at 28 April 2009 were obtained for this study 
form Malaysian Remote Sensing Agency (MRSA). Both images covers the entire Pulau Gaya at 6°0’40” 
N, 116°2’60” N and 5°59’40” N, 116°4’9” N. Both images were processed using PCI 10.1 image 
processing software. Data characteristic for both data is tabulated in Table 1. 
Table 1. Data Characteristics 
 
SPOT-5 Quickbird II 
Acquisition date 7 Jan 2009 28 April 2009 
Ground resolution 5 m (pan) 
 
2.4 m 
Coverage 60 km 20 – 40 km 
Orbital repeat 26 3 – 5 days 
Quantization 8- bit 16 – bit 
Band number (µm)             1 
                                            2 
                                            3 
                                            4 
0.48 – 0.71 0.45 – 0.52  
0.52 – 0.60 
0.63 – 0.69 
0.76 – 0.90 
2.3. Image processing and data analysis 
2.3.1. House Detection Technique 
House can be categorized as the human made structure. In this process, enhancement, band 
combination and band ratio technique were applied to detect the house structure from the satellite image. 
Different types of enhancement such as root, adaptive, linear, equal, infrequency were applied on the 
image to enhance the image for further analysis. Linear enhancement improves overall contrast of the 
images by stretching the minimum and the maximum of the values image over the entire of the available 
dynamic range (Fig. 2).  
Band combination was applied on the image after enhancement. The purpose of this technique is to 
select the specific band from the satellite image to create the color pictures that were specifically tailored 
to facilitate the identification of the features of interest (Younggu and Conrade, 2007). Four bands were 
existed in Quickbird II satellite image (Yang et al., 2006). Different combinations of image band were 
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applied (Fig. 3). A result show that better appears of three main features is combination between band 4, 3 
and 2.  
 
 
 
 
 
 
 
 
 
Fig. 2.  Image after linear enhancement (a) SPOT-5 (b) Quickbird II 
 
 
 
 
 
 
 
 
 
Fig. 3.  Band Combination technique for Quickbird II image: (a) Band 4, 3, 2 (b) Band 1, 2, 3 (c) 1, 2, 4 (d) Band 2, 3, 4 
Band ratio was applied to detect the feature of houses in more detail compare to enhancement and 
band combination technique. The different combinations of band ratio will enhance spectral 
characteristics of houses. Ratio between Red, Green and Near-infra red (NIR) were applied on the 
Quickbird image. Results shows that the best band ratio is ratio between NIR and Green band, then later 
will be used for further analysis. Using this combination, three classes are water, land and house features 
can be distinguished precisely (Fig. 4). 
 
 
 
 
 
 
 
 
 
Fig. 4.  Band ratio of NIR/Green band (760-900/630-690) 
2.3.2. House Extraction 
House extraction from Quickbird II image was an important method before house delineation process. 
Spatial Filtering Technique has been used for this study to extract house features. Image filtering 
technique is useful for extracting the shape of the house in the Quickbird II image. The best filter types 
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should be able to separate of house edges. Based on the result in The acquired Quickbird imagery was 
first treated with 5 X 5 smooth filter for delineating the edge house features, subsequently with a 7 X 7 
edge enhancement filter to delineate the inner high intensity diameter of the house area and finally the 
individual house centroid were marked out using image threshold technique. From the results, edge to 
edge of the house features was found definite separated and delineating houses can be delineated less than 
2 meters. Fig. 5, Gaussion filter has gives better results that capable to separate edges of houses precisely. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) Gaussian filter (b) Type 1: Laplacian Edge detector Filter (c) Type 2: Laplacian edge detector filter  (d) Sobel Edge 
Detector Filter (e) Prewitt Edge Detector Filter (f) Edge Sharpening Filter 
2.3.3. House delineation 
Vectorization process was used to delineate house features and at the study area there are two types of 
settlement which are formal and informal settlement has been identified. The used of vectorization in 
delineation process was essential in order to detect the number of settlements in Pulau Gaya.  According 
to Karishma et al., (2008), one of the criteria of informal settlement is higher density. Besides, informal 
settlement has lack of basic services, inadequate building structure and overcrowding. Measured distance 
for illegal houses is less than 1.5m and more than 2m for (Fig. 6).  
Thus, by observed the pattern of settlement using Quickbird II, the types of settlement could be 
determined whether formal or informal. Comparison of both structured identified from Quickbird II 
image and SPOT after vectorization. Both of the images were divided into five regions Kg. Pulau Gaya, 
Kg. Lubuk Urai, Kg. Pasir Putih, Kg. Pondo (Fig. 7). Only three areas can be identified that derives from 
SPOT data due to cloud cover at study area (Fig. 8). 
 
 
 
 
 
 
 
 
(a)  (b)  (c)  
(d)  (e)  (f)  
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Fig. 6. Zoom in housing structure from Quickbird image and distance measured using PCI function for (a) formal 
settlement (b) informal settlement 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. House delineation process on Quickbird image (a) Kg. Pulau Gaya (informal) (b) Kg. Pulau Gaya (formal) (c) Kg. Lubuk 
Urai (informal) (d) Kg. Pasir Putih (formal) (e) Kg. Pondo (informal) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. House delineation processes on SPOT pan image (a) Kg. Pulau Gaya (informal) (b) Kg. Lubuk Urai (informal) (c) Kg. Pondo 
(informal). Only three villages can be identified due to cloud cover some part of Pulau Gaya image. 
(a) (b) 
(a) (b) (c) 
(d) (e) 
(a) (b) (c) 
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3. Results and discussions  
Counting technique was applied to detect the number of informal and formal settlement from both 
images. From Table 2, the number of houses structure counted at five regions (Kg. Pulau Gaya, Kg. 
Lubuk Urai, Kg. Pasir Putih, Kg. Pondo. The total number of house counted derives from SPOT image 
was 553 for informal settlement at Kg. Pulau Gaya, Kg. Pondo and Kg. Lubuk Urai but not available for 
informal settlement at Kg. Pasir Putih and Kg Pulau Gaya due to cloud cover. Meanwhile, 332 counted 
houses for formal settlemet at Kg. Pasir Putih and Kg. Pulau Gaya derives from Quickbird. Informal 
settlement using the technique used managed to count about 1036 houses for three areas are Kg. Pulau 
Gaya, Kg. Pondo and Kg. Lubuk Urai.  
Since there is no field data collection or census statistic for the study area available, the results 
obtained cannot be validated. From the finding, apparently the number counted for informal settlement is 
higher than formal settlement. In reality this is make sense, the area involved were occupied by the 
immigrant flow. Due to accessibility and safety reason, lack of monitoring and enforcement operation 
from local authority has been done. This had encouraged unplanned house built within the area without 
taking any consideration of land policy, proper utilities, water supply and clean environment. The 
technique developed in this work, can efficiently used to provide quick data for informal settlement data 
inventory.  
Table 2. Number of settlement counted from SPOT and Quickbird image 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion  
In this paper, we have introduced an automated counting technique of human settlement from remotely 
sensed data. Tree counting technique is adopted to count the number of houses at study area for both 
formal and informal house structure. Our future work will involves automated production of maps of 
human settlement based on object-oriented approach integrated with technique used in this work. The 
developed algorithm can be prototyped in specific software. To minimize false positives, future work will 
experiment with robustness of the approach to geo-cultural, seasonal, illumination, look-angle variations 
and additional study on the parameter used in ach stages. The scarcity of reliable data for map validation 
and the difficulty in obtaining other data such as census statistics as the main obstacles to settlement 
mapping at study area. 
 
Name of region Types of settlement SPOT Quickbird 
Kg. Pasir Putih  
Formal settlement 
 
Cloud 
Obscured 
 
332 Kg. Pulau Gaya 
Kg. Pulau Gaya  
Informal settlement 
 
553 
 
1036 Kg. Pondo 
Kg. Lubuk Urai 
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